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INTRODUCTION 


Tire  ever  incredrtng'dehiuild  M(MW  WJrer  resources  and  batter  long  range 
weather  forecasting  requires  a fundamental  understanding  of  the  complex  mechanics 
of  sea-air  interaction,  because  it  controls  the  main  source  of  moisture  and  energy  in 


the  atmosphere . This  paper  represents  a progress  report  on  one  aspect  of  the  study  - in 
particular  the  rale  of  micro  water  droplets.  In  the  past,  the  fields  of  heat  and  moisture 
were  treated  as  independent  systems  indirectly  related  to  the  momentum  field  through  the 
eddy  diffusivity . This  resulted  in  the  need  for  an  artificial  increase  in  the  eddy 
diffuslvities  for  both  the  humidity  and  temperature  fields  in  order  for  the  analyses  to 
fit  the  experimental  data,  tee  reviews  by  Roll  (6),  Fonofsky  (5),  and  Monln  and  Yoglom 
(4).  Recently  It  was  shown  by  Ling  and  Kao  (2)  that  these  fields  are  strongly  coupled 
through  the  water  droplets  produced  by  tea  sprays  and  whltecaps;  i.e.,  the  micro  water 
droplets  contribute  to  an  important  source  of  moisture  to  the  humidity  field  while  the 
latent  heat  of  evaporation  pro* Ides  a strong  heat  sink  for  ihe  temperature  field.  The 


resultant  stratification  of  the  temperature  field  further  influences  Ihe  stability  of  Ihe 
momentum  field,  which  in  turn  affects  Ihe  whole  exchange  process.  Following  this 
preliminary  worlt  was  an  Improved  iheo^r  which  took  into  account  Ihe  size  distributl 
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of  drapltti  and  Ihtlr  free  fall  velocities.  This  work  (3)  was  published  in  the  Proceedings 
of  the  NATO  Symposium  on  Turbulent  Fluxes  through  the  Sea  Surface,  Wave  Dynamics 
and  Prediction,  France,  1977.  In  this  paper  we  shall  describe  some  further  improvements 
to  the  theory  by  taking  into  account  the  limited  dalo  obtained  from  the  1977  (Joint 
Sea  Air  Interaction  Project)  JASIN  experiment.  All  results  presented  in  this  paper 
should  be  considered  as  preliminary,  since  we  are  still  in  the  process  of  improving  the 
analytical  model  through  more  detailed  laboratory  simulations  and  field  measurements. 
Presently  the  analytical  model  is  sufficiently  realistic  to  indicate  which  droplet  sizes 
are  important  to  the  evaporation  process  under  a given  atmospheric  condition.  This 
and  other  new  improvements  to  the  theory  will  be  discussed  in  the  following  sections. 


GOVERNING  EQUATIONS 

The  basic  governing  equations  for  the  fields  of  heat,  humidity, water  droplets  and 
momentum  were  derived  from  the  general  transport  equation  (2  ).  Because  of  the  large 
horizontal  extent  of  the  ocean  compared  with  the  thickness  of  the  atmospheric  surface 
layer,  it  is  possible  to  treat  this  layer  as  being  quasi  steady  and  uniform  in  the 
horizontal  direction.  In  the  following,  we  shall  only  give  detailed  explanation  to 
the  new  and  improved  parts  of  the  equations  and  refer  the  rest  to  the  cited  references. 

The  normalized  equation  for  the  water  droplets  can  be  expressed  as 

ffS1  * ^Qn'^nS2  ♦ «^Dv(j^UlOHs(T)(l-H5)d-fi) 
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Fig.  1 . Normalized  water  droplet  production  rate  for  different  lizet  of  droplets. 

Dola  was  taken  over  hydraulic  jumps  with  wide  range  of  energy  levels,  from 
Ling,  Saod  and  Kao,  froe.  of  the  1977  NATO  Symposium  cited  in  text. 


The  water  droplets  are  treated  as  discrete  droplet  size  group*  denoted  by  subscript  n. 
The  first  two  terms  of  Eq.  I represent  the  rate  of  change  in  the  normalized  droplet 
concentration  Qn  due  to  eddy  diffuslvlty  K,  where  K is  normalized  by  the  moan 
wave  hei^it  c and  the  10m  wind  U|g  as  R»  K/cU|o*  The  normalized  droplet 
concentration  is  defined  as  0n-  QnUlo/qg,  where  Qn  Is  the  droplet  concentration 
for  size  (poup  n and  q^  •*  Ihe  mean  surface  flux  of  size  ge«p  2.  to cause  the 
distribution  of  the  surface  flux  ratio  o.,/at*|^_)00^  far  different  droplet  size  d was 
found  to  be  universal  for  all  intensities  of  were  breaking,  tea  Fig.  I,  It  is  convenient 
to  select  on  Important  size  poop  as  the  reference,  and  to  toning  the  fluxes  for  the  other 
size  groups  at  fixed  ratios  of  the  reference  group.  The  vertical  eeerdlnets  z it 
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defined  from  the  meon  wove  trough,  and  I*  normalized  by  the  wave  height  c os  z . 

The  third  term  of  Eq . 1 ii  the  normalized  toutce  of  water  dropleti  produced  by  whitecaps 
and  tea  tprays  expressed  at  5qr=  Sffjq^/q^  , where  S(z)  it  the  tource  dittribution 
factor  (2).  The  fourth  term  of  Eq.  I represent!  the  normalized  link  due  to  free  fall  of 
droplets,  where  it  the  free  fall  velocity  of  dn  dropleti  normalized  by  U|q.  The 
fifth  term  of  Eq . I it  the  normalized  source  and  link  effect  of  dropleti  due  to 
evaporation;  I .e. , the  evaporation  of  the  n size  group  dropleti  comet  a loti  of  dropleti 
to  be  transferred  to  the  next  enaller  tlze  group  n-I , while  the  evaporation  of  the  next 
larger  size  (poup  n+l  comet  a gain  to  the  n tlze  group.  The  variable  it  matt 
density  of  air  and  Pw  mots  density  of  water,  lath  the  molecular  diffusivity  of  water 
0y(T)  and  the  specific  saturated  humidity  H,(T)  are  functions  of  the  absolute  air 
temperature  T.  The  variable  H*  is  the  relative  humidity,  h£  the  relative  humidity 
at  the  reference  hel^tt  z0,  H the  normalized  humidity  defined  es  (Hj  - - I), 

and  R„  the  Reynolds  number  based  on  the  terminal  fall  velocity  Wn  and  droplet  size 
4n- 

The  normalized  equation  for  the  humidity  field  can  be  expressed  at 

«H^I)(l-(O(l-BlO„.0.  <S) 

The  first  two  terms  of  Eq.  2 represent  the  rate  of  change  In  R due  la  eddy  diffusivity 
I , end  the  third  term  represents  the  source  of  humidity  due  la  die  s i operation  of 

wwTwl  Q^pVWVs  JnlCV  VfiV  wf  PvpWl  iRw  VS  M^ClaV  ry  ROT  pUfllnfrvtwl  Tw 

U?0,  the  poremrtsr  (q^/tf jg)  Is  ana  of  die  mast  Important  constants  to  ha  dstormlnad 
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Similarly  Urn  moan  wove  (might  t It  known  to  be  proportional  to  l^( 
)0>  can  generally  be  taken  to  be  0.00029  tec2/em. 


therefore 


The  normalized  temperature  it  denned  at  T « (T  - ToVlTw-  T0| , where  T it  the  ofatolute 
air  temperature,  Tw  the  reference  afaralute  tea  turfece  temperature,  and  T0  the  ofatolute 
reference  air  temperature  at  the  reference  hei^it  z0  . The  normalized  adiabatic  lapte 
rate  of  the  atmotpherd  it  defined  at  r-  r«/|Tw  - Tj  , where  the  adiabatic  lapte  rate 
T it  generally  token  to  be  -0.0001  °C/cm.  The  third  term  of  Eq.3  repretentt  the 
latent  heat  tink  for  the  temperature  field  due  to  the  evaporation  of  water  dropleti . The 
variablet  Lj,(T)  and  Cp  are  the  coefficient!  of  latent  heat  of  evaporation  for  water 
and  tpeclfic  heat  for  air,  retpectively . 

Finally  the  momentum  equation  for  wind  can  be  expretted  at 


turn  due  to  eddy  dlffotivlty  K(z) 
per  unit  volume  In  the  mean 


pramwe  gradient  9p/3x  it  phytically  integrated  downward  to  maintain  . The  third 
teem  of  Cq.  4 repreientt  the  drag  force  offered  by  the  moving  wave*  on  a unit  horizontal 
**rlp  of  oit  volume.  The  function  A(z)  it  the  total  effective  drag  araat  offered  by  the 
P"rt*  of  *ovet  which  are  within  the  unit  volume.  That  it,  we  treat  wave*  at  moving 
drag  canton  within  an  air  tpoca.  The  drag  coefficient  Cj  it  generally  taken  to  be 
unity.  The  local  mean  velocity  of  wind  U minut  the  photo  velocity  of  wave*  Ue  In 
•he  direction  of  the  wind  give*  the  effective  wind  acting  on  the  wave*.  The  normalized 
momentum  equation  may  now  be  ex  primed  at 

+ °*5Ato<0-0e)2«  0 ' (5) 

where  0 • 0e  ■ UcAJ\Qr  ®nd  **,“  *„,/«  • Under  thong  wind  condition, 

xm  may  be  ehlmated  ham  a geot trophic  pramure  gradient  of  I0mfa/250km  to  give  a 
value  of  approximately  23.  Hence,  for  general  me,  the  term  Cf/zm  mo y be  taken 
to  be  a comtent  equal  to  0.0001 . At  low  level*  thi*  term  it  negligible  compared  with 
the  other  term*.  The  fourth  term  of  Eq.  5 only  hot  value*  below  the  wave  cratt.  We 
believe  that  die  pro  tent  treatment  for  the  atmotpherlc  turfoce  boundary  layer  it  more 
phytically  moanlnghil  and  applicable  than  the  utuol  empirical  log-linear  profile 
approximation  which  raqultat  an  artificial  dltplacement  hei^it  and  neglect*  the  pramure 
podient.  Becaute  die  momentum  equation  It  only  coupled  with  the  other  haraport 
equation*  through  H can  be  mod  to  check  the  validity  of  K u*cd  In  the  calculation; 
l.a. , by  comparing  dm  analytical  wind  profile*  with  the  experimental  data  taken  under 
a known  almocpharlc  condition. 
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t*1*  *urfoce  droplet  flux  for  a droplet  size  d„.  Presently  there  it  no  known  technique 

2 

to  obtain  the  droplet  flux  parameter  q^/UjQ  directly  from  the  ocean.  It  may  be 

deduced  indirectly  from  the  measured  droplet  concentration  or  the  concentration  of 

salt  nuclei  in  the  upper  atmosphere  (6,  p.62).  From  our  present  theory  we  have  found 

that  this  parameter  has  a strong  effect  on  the  temperature  field  as  well  as  the  droplet 

concentration  field.  Thus  by  checking  the  analytical  wlutions  obtained  with  different 

qi2/UH)  vak>#*  a*Bimf  0 corresponding  set  of  field  data,  one  may  ultimately  determine 

the  best  value  to  use.  We  have  tentatively  found  that  q^/U^  - 0.00012  drops  sec/cm4 

gives  very  reasonable  results.  It  will  be  used  for  all  examples  presented  in  this  paper. 

Thus  before  this  parameter  can  be  defined  accurately,  all  solutions  derived  from  it  must 

only  be  considered  as  preliminary  examples. 

2 

With  both  Eu  and  q^/Ujg  tentatively  quantified,  one  may  proceed  to  salve  the 
coupled  set  of  transport  equations  with  suitable  boundary  values  and  conditions.  A 
unique  solution  can  be  found  for  any  set  of  boundary  values  of  TQ,  h£,  Tw,  and  U(0  . 
For  the  examples  given  in  the  following  section,  a constant  reference  hei^tt  of  rf«20 
was  used  since  our  present  interest  is  limited  to  the  atmospheric  surface  layer.  When 
the  model  for  this  layer  is  fully  developed  It  can  be  readily  merged  with  the  upper 
atmospheric  as  well  as  the  oceanic  surface  layers  for  a more  complete  system  simulation. 
Because  the  numerical  techniques  used  la  solve  the  problems  were  quite  standard  and  had 
been  described  in  the  cited  references,  they  need  not  be  restated. 

From  the  calculated  solutions,  the  vertical  fluxes  may  be  accurately  determined 
at  any  given  T levels.  The  sensible  heat  flux  can  be  expressed  as 

Mr-  - '.SW  V F)  • <*> 


and  the  water  mam  flux  can  b«  expressed  a* 

oJr-  ?"»(^)uioJid»(-'lr*H'B"5,’lr)‘  ',”uio"-H>,m*|Ilrlr  • 

(7) 

It  should  be  noted  that  the  present  model  contains  various  sources  and  sinks  In  the  field 
equations,  therefore  the  vertical  fluxes  ore  no  longer  constant. 

RESULT  AND  CONCLUSION 

With  the  improved  analytical  model  we  may  now  compare  the  result  with  the  actual 

field  data  in  a more  realistic  manner.  Uifortunately,  complete  set  of  wind,  temperature, 

humidity,  and  droplet  concentration  profiles  are  still  not  available  at  this  moment, 

but  we  hope  to  obtain  them  during  the  1978  JASIN  experiment  over  the  North 

Atlantic  Ocean.  Meanwhile,  we  may  make  some  preliminary  comparison  with  a few 

good  but  incomplete  field  soundings.  The  following  examples  were  classified  in  terms  of 

whether  the  sea  was  warmer  or  cooler  than  the  upper  air  moss.  To  obtain  the  true 

differential  temperature  between  the  upper  air  mass  at  the  200 -400m  level  and  the  sea 

one  must  extrapolate  the  upper  air  temperature  downward  along  the  dry  odiabat  to  the 

tea  surface  and  compare  this  potential  temperature  T with  respect  to  the  sea  surface 

P 

temperature  Tw,  tee  Fig.  2b. 

In  general  air  is  cooler  than  the  ocean.  Whan  a mats  of  air  hat  traversed  a long 
distance  aver  a warm  tea,  its  temperature  should  not  be  toe  different  from  that  of  the 
water.  This  it  represented  fay  caee  I shown  In  Fig.  2b.  It  Is  a sounding  taken  by 
Emmons  (I,  p.2 7).  We  note  that  the  ocean  was  warmer  than  the  upper  air  by 
V V ,-f°C'  the  air  was  homogeneous  upward  to  300tn  with  the  air  temperature 
decreasing  at  the  adiabatic  lapse  rale.  A simulation  of  this  case  up  to  a reference 
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Fig.  2.  a)  Simulation  of  warm  «m,  Cate  1 . b)  Sounding  by  Emmons  (I,  p.  27). 

felrfitof  i0  = 37m,  with  To-l0.4°C,  H^-0.65,  TW=12.2°C,  and  U,0=8ey'see 
is  shown  in  Fig.  2a.  Only  the  lower  half  of  the  calculated  data  was  plotted.  Note 
that  the  adiabatic  lapse  rote  was  almost  roochod  at  z > 10.  Both  the  temperature  and 
humidity  profiles  closely  simulated  the  field  soundings.  That  is,  at  z > 10  thera  was 
almost  no  potential  temperature  gradient  or  no  sensible  heat  flux.  The  sensible  heat 
from  lha  ocoan  was  mostly  absorbed  by  the  latent  heat  of  water  droplets.  Indeed  this 
is  the  most  prevalent  feature  found  In  all  warm  oceans.  The  net  water  mast  fhm  eras 
found  to  be  1 .3x10  ® g/cm2sec,  which  gave  a net  heat  flu*  from  the  sea  of 
7.6*10  3col/cm2sec . These  large  flume  greatly  destabilised  the  air  system  causing 
uniform  mixing  of  air  up  to  a great  height  of  aver  300m  where  the  humid  air  was 


condensed  into  heavy  cloud.  Thus  the  important  latent  heat  transfer  cycle  is  clearly 
evident.  The  calculated  R,  D,  and  Qn  are  also  shown  in  the  figure.  There  was 
no  field  data  for  , however  we  note  that  the  calculated  concentration  of  droplets 
was  highly  stratified  with  very  little  remoining  above  z= 3.  The  values  of  Qj,  5ji 
and  Qj  at  the  wave  trough  were  beyond  the  plotting  range  of  the  poph,  but  their 
values  were  indicated  on  the  left  border  of  the  figure.  One  notes  that  the  concentration 
for  the  TO m size  droplets  9|  above  z>l.)  was  lets  than  the  larger  4 Op  droplets 
due  to  faster  evaporative  lots  of  the  tufamicro  droplets.  On  the  other  hand,  the 
concentration  for  the  300l»  droplets  were  quickly  depleted  by  their  fast  free  foil 
velocity. 

Case  2 represents  a cooler  tea  with  almost  no  sea  to  air  temperature  difference, 

Tw~  Tp=-0.2°C,  see  Fig.  3b.  This  sounding  was  alto  token  by  Emmons (1,  p.  21). 


There  wot  a cooler  and  more  humid  turfoce  layer  of  air  below  o warmer  ano  vmv  dry 
upper  air.  Thus  both  the  sea  and  the  upper  air  were  heating  the  surface  layer  of  air. 

The  physical  existence  of  this  more  humid  and  cooler  layer  of  air  could  only  be  attributed 
to  the  moisture  production  and  the  late.it  heat  absorption  by  the  water  droplets.  The 
lower  37  m of  this  layer  of  air  was  simulated  by  the  present  theory  and  was  shown  i n 
Fig.  3a,  with  T0=I1.7°C,  H*=0.I2,  TW*I3.3°C,  and  U)0=8m/sec.  The  air 
temperature  quickly  reached  the  adiabatic  lapse  rate  at  z > 1 .5  , indicating  that  this 
surface  layer  was  highly  unstable  and  well  mixed  to  a height  of  200m  where  it  merged 
into  the  upper  air  moss.  The  physical  reason  for  the  lack  of  any  sensible  heat  flux 
above  the  waves  was  the  same  as  the  warm  sea  case.  Due  to  low  atmospheric  humidity, 
the  height  of  droplet  concentration  was  greatly  reduced;  i.e.,  nearly  all  droplets  had 
evaporated  at  z>2. 

Case  3 represents  a more  cooler  sea  with  a sea  to  upper  air  temperature  difference 
of  Tw  - Tp»  -3°C,  see  Fig.  4b.  This  JASIN  data  was  obtained  over  the  Firth  of  Clyde, 
Scotland,  on  November  5,  1977,  during  the  passage  of  a storm.  The  sea  was  covered 
with  well  defined  breaking  waves  and  long  streaks  of  trailing  whitecaps.  Water  droplets 
concentration  was  measured  by  a water  droplet  detector  mounted  on  the  apex  of  a 9m 
long  A-frame  which  was  hinged  to  the  bow  of  R.R.S.  Challenger.  In  this  manner,  the 
detector  could  be  lowered  to  the  sea  surface  or  raised  above  the  bow  by  a cable  and 
pulley  system  mounted  on  the  foremast  of  the  ship.  We  found  very  little  measurable 
concentration  of  droplets  at  levels  z > 2.5  . The  droplets  were  also. highly  concentrated 
in  dense  plumes  to  the  lee  of  brooking  waves  and  were  unevenly  distributed  in  space. 

In  addition,  the  large  heaving  and  pitching  motion  of  the  ship  made  accurate  determination 
of  the  droplet  concentration  profile  a formidable  task  in  the  field.  The  calculated 
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droplet  concentration  profiles  pave  a generally  strong,  low  level,  stratification  of 
droplets  os  was  observed  in  the  field.  Due  to  evaporation,  the  concentration  of  the 
IOp  droplets  at  F>1.5  was  less  than  the  40 p droplets  • thli  result  was 
contrary  to  the  field  data  which  indicated  much  larger  . It  was  possible  that  the 
field  data  had  included  the  counting  of  salt  nuclei  as  submicro  droplets.  In  general, 
the  measured  droplet  concentrations  for  the  larger  droplet  poups  were  less  than  the 
. predicted  values.  This  problem  will  have  to  be  resolved  by  additional  future  studies. 
The  atmospheric  simulation  for  this  case  was  mode  below  a reference  height  of  ses  90m, 
with  T0=9.6°C,  H*-0.5,  TW-I1.3PC,  and  U|0«l2.5ny'soc.  In  Fig. 40,  we 
note  that  the  temperature  profile  above  the  wove  crest  was  almost  vertical . It  indicated 
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a positive  potential  temperature  podient  or  heating  by  the  upper  air.  In  spite  of  the 

fact  that  the  sea  was  3°C  cooler  than  the  upper  air,  there  existed  a strong  negative 

temperature  gradient  within  the  wave  trouts.  Hence  there  was  continued  heating  of 

the  air  by  the  sea.  These  sensible  heat  fluxes  were  clearly  balancing  the  latent  heat 

sink  of  the  water  droplets.  The  vertical  water  mass  flux  was  found  to  be  qw«2.9xl0  ® 

2 

g/cm  sec,  which  was  equivalent  to  an  evaporation  of  2.5cm  of  water  per  day  and 

•2  2 

a vertical  latent  heat  heat  flux  of  1 .7x10  cal/cm  sec  - the  energy  that  was  fueling 
the  storm. 

Case  4 represents  a very  cold  sea  with  a large  sea  to  upper  air  temperature 
difference  of  Tw-Tp«- 11 .8°C,  see  Fig.  5b.  This  condition  Is  typical  for  the  formation 


of  a thong  inversion  and  creation  of  a very  humid  surface  layer  which  can  easily 
developed  into  dense  sea  fog.  This  sounding  was  taken  by  Emmons (1,  p.  57)  over  the 
Atlantic  Ocean  at  4cPn  and  71°W,  with  li^it  sea  fog  below  the  20m  level  and 
warm  dry  air  above  200m.  The  analytical  slew  lotion  was  for  a reference  he  I (/it  of 
zo«=20m,  with  T0»  19.2°C,  H^"0.98,  Tw*  17.2°C  and  U|g«6s(/iec.  One  notes 
in  Fig.  5a  that  only  under  very  cold  sea  will  the  air  heat  the  tea  as  indicated  by 
the  positive  temperature  gradient  at  tea  level.  Above  z*20m,  tee  Fig.  5b,  there  was  a 
general  increase  in  the  temperature  padlent.  This  increase  was  due  to  the  evaporation 


general  increase  in  the  temperature  padlent.  This  increase  was  due  to  the  evaporation 
of  diopters  at  hi^wr  elevations,  thus  causing  a strong  inversion  foyer  which  tended  to 
cap  off  the  humid  xjrfoce  foyer.  Due  to  the  forge  increase  In  the  droplet  concentration, 
the  plotted  scale  for  QR  was  Instated  by  10.  Note  that  only  the  d|  and  dj  size 


the  plotted  scale  for  Qn  was  Increased  by  10.  Note  that  only  the  d|  and  dj  size 
droplets  were  able  to  reach  hi^i  elevation  la  form  sea  fog.  Here  again  at  z > 6 the 


value  of  &2  wot  greater  than  . However,  the  actual  concentration  of  the  dj 
droplets  at  sea  level  was  6 drop*/cm3  which  Is  enew^r  for  creating  a light  fog.  The 
sensible  heat  flux  at  f*2  was  -7.txl0~4  cel/cm* sec  and  the  mass  water  flux  was 
1.1x10  g/cm  tec . The  water  flux  was  smell  compered  with  the  other  cases. 


because  there  was  essentially  no 


ham  the  sea  surface  or  from  forge  water 


droplets  due  to  hl(/i  humidity  at  sea  level.  The  water  flux  was  mainly  contributed 


by  the  evaporation  of  the  d,  and  dj  droplets  at  hi^i  elevation.  To  motce  this  clear, 
we  have  shown  in  Fig.  6 the  normalized  water  mam  flex  contributed  by  different  size 


groups  of  droplets  at  the  *■  2 level.  It  Is  expressed  as  nj  /pjAd^  where  ^ Is 
the  vertical  mam  flux  of  the  d^  size  droplets  and  It  the  total  droplet  warn  flux. 


Smooth  curvet  were 


over  the  data  blocks  such  that  the  i 


d unity 


under  the  curves.  One  notes  that  for' ease  4 the  flux  was  mainly  contributed  by  the 
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Fig. 6.  Contribution  to  tho  vortical  droplot  man  flux  at  7=2  by  different  size*  of 
water  droplet*,  for  cates  I,  3,  and  4. 

10  to  60m  fog  droplet*.  For  cate  3,  under  force  6 wind,  the  main  contribution  wot 
broaden  to  the  30  to  300m  droplets.  This  was  due  to  a wind  force  sufficient  to  beep 
the  large  droplets  long  enau^i  in  air  for  evaporation.  Thus  under  hurricane  wind  the 
contribution  from  the  large  droplets  will  become  very  large.  For  case  1,  with  force 
4 wind,  the  main  contribution  wo*  narrowed  down  to  the  30  to  140m  droplets.  Ihere 
was  almost  no  contribution  from  the  I to  20m  droplet*,  because  these  droplets  had 
already  been  evaporated  before  reaching  the  7=2  level. 

We  may  briefly  conclude  that  the  present  analytical  model  has  clarified  many 
mysteries  concerning  the  complex  mechanics  of  the  sea-air  interaction.  It  is  hoped  that 
with  further  refinements  to  the  model  an  accurate  means  could  be  found  to  estimate 
under  all  climatic  conditions  the  various  fluxes  over  large  bodies  of  water. 
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